Previous studies have revealed that near-fault ground motions perpendicular to the fault slip are very destructive for structures. Due to the common use of moment resisting frames and the importance of near-fault strong motions, the local and global effects of long-period (Tpulse>0.7s) pulse-like ground motions are studied on 5 samples of steel moment resisting frames by considering variations in the height of models. Results obtained show the forward directivity increases global and local demands of models for about 1.1 to 2.6, and 1.2 to 3.5 times, respectively. 
Introduction
Previous studies have demonstrated that the directivity of a fault fracture causes different effects in near field ground motions compared to far-fault earthquakes [1] [2] [3] [4] [5] [6] . Comparing the forward directivity and the backward directivity in the near field of fault, the forward directivity usually has the highest effects on engineering structures [3, 4] . In regions located near active faults (usually less than 15 km away from the fault), the forward directivity causes pulse-like ground motions with a high amplitude and long period normal to the rupture plate of the fault, in such a way that the pulse like motion is visible in the velocity time history. After destructive earthquakes such as Landers (1992) , Northridge (1994) , and Kobe (1995) , it was established that structures designed according to modern seismic codes experience severe damage due to the forward directivity effect [7] . Because of near fault importance, many researchers have studied the inelastic response of buildings in case of near-fault motions. They showed that by increasing two parameters: the ratio of pulse period to the natural period of structures, and the ratio of Peak Ground Acceleration (PGA) to lateral stiffness of structures, the non-linear response and damage to structures increase in near fault regions. In addition, the concentration of displacements at lower parts of structures causes axial force increase in columns, while the P-∆ effect intensifies at lower storeys of structures [8] . J. F. Hall (1997) investigated the effect of the near fault ground motion on low and high-rise moment frames. He pointed out that the residual strength in damaged connections, undamaged connections after earthquake, structure-slab interaction, girder axial strength, strength of simple connections in gravity frames, higher strength of steel and strain hardening, have caused the structures stability after near field ground motions [9] . Because of the existence of some populated cities and metropolises near active earthquake sources, and due to severity of near source motions, the study of the near fault ground motion effects is still under way, and the objective is to achieve better understanding of the behaviour of structures located in the near fault regions. Relevant studies have revealed that the behaviour of structures and the damage pattern may differ depending on the structure specification and ground motion characteristics in near field of the fault, [10] [11] [12] [13] . Other researches are related to the development of new modelling approaches focusing on near fault effects in the loading pattern, and on design regulations [12] . These researches should lead to the development of some criteria for the seismic design of new structures in the near field of the fault. The 1997 Uniform Building Code (UBC97) is a pioneer in this significant topic. It provides some coefficients for considering near fault effects in the calculation of shear at the base of structures [13] . Urban Development of Iran. In this edition of the Iranian Seismic Code, it is only recommended to avoid constructing buildings in the vicinity or near active faults. However, in the cases when buildings have to be built close to an active fault, some special technical advices must be considered, but none of these advices are specified in the Iranian code. After the Bam earthquake (2003) , observations and field studies have shown that most of buildings were damaged at the ground floor level, and in the direction normal to the fault line [14] [15] [16] [17] [18] . Additional studies [16] [17] [18] [19] on Bam earthquake (2003) have shown severe effects of forward directivity on frame structures. In order to continue with the studies on the effects of near fault ground motions on structures, and in the light of the above mentioned reasons, the forward directivity effects on the local and global behaviour of moment frames will be analyzed in this study. The effects of long-period pulse-like motions have been investigated with regard to the base shear, drift, demand and capacity of columns and girders, moment forces and bending ductility by means of the nonlinear time history analysis conducted on five structural models. These structural models are 2D steel moment frames with 3, 5, 7, 10 and 15 storeys, which were analyzed using the nonlinear dynamic analysis based on FEMA 356 provisions regarding 20 earthquake records. In addition, the effect of intensification of forward directivity on the axial force of columns was also investigated with respect to variations in the aspect ratio of the structure.
Research assumptions and modeling

Selection of earthquake records
In case of an earthquake, different effects are observed in terms of both the shape and type of motion in different regions around a seismic fault, which is dependent on the mechanism and directivity of the fault rupture. The fault rupture propagation directivity with respect to the site can be either forward or backward. Under conditions in which the fault rupture propagation velocity is almost equal to the propagation velocity of earthquake waves, and the fault rupture propagation direction is toward the site, the accumulation of waves from each rupture causes 1 to 3 pulses with long period and high amplitude in the component normal to the fault plane, which then vibrate near-fault regions in a short effective time [2, 23] . Therefore, the forward directivity effect causes pulse-like records normal to direction of the fault line. If the fault rupture propagates away from the site, the ground vibrates with a relatively high number of low-amplitude oscillations. This situation is called backward directivity. Other regions without the forward or backward directivity effect are called regions with a neutral directivity effect [20] . Based on the studies by Alavi and Krawinkler (2001) [3] , and in order to consider the forward directivity effects according to the mentioned definitions, ten records were selected GRAĐEVINAR 65 (2013) 11, 971-985
Local and global effects of forward directivity from the regions located less than 15 kilometers away from active faults, which were pulse-like and had long periods and large magnitudes in the velocity time historey [3, 27] . In addition from two horizontal components recorded in each accelerogram station, the component having higher values of acceleration response spectrum in the long-period range (T>1s) was selected. In order to compare the results of the near and far field of fault, ten records in the far field of fault with neutral directivity were selected. All earthquake records were chosen from famous world earthquakes with the moment magnitude of higher than 6.5. To avoid errors arising from records in the regions situated very far away from the fault, the value of 0.1 g was adopted as the minimum PGA value. Since the forward directivity has higher effects in soil sites, all records were selected from the stiff soil sites (Class D based on FEMA 356 soil classification [26] ). The records used in this study are presented in Table 1 . Past studies have shown that the forward directivity causes the amplitude of velocity response spectrum increase in the period range of more than 0.6 to 1.1 seconds, in such a way that in the grounds with stiff soils in the period range of 2 s the amplitude of response spectrum increases to the value that is two times greater than that registered in the far-fault region [21] .
Structural models
Five two-dimensional models of special steel moment frame were designed in sites characterized by stiff soil conditions, as shown in Figure 1 . The models are moment frames with 3, 5, 7, 10 and 15 storeys, 5m span length, and 3.2m storey height. Steel materials types ST37 and ST52, manufactured by Esfahan steel company, are nowadays used to construct steel structures in Iran. Therefore, based on steel material specifications provided by Iranian code [28] , the steel type ST37, with the yield point of 2400 kg/cm 2 and ultimate stress of 3600 kg/cm 2 , is considered for the design and evaluation of the models. Iranian seismic design code offers peak ground acceleration of 0.35 g for high seismic hazard level regions with 10 % probability of earthquake event in the 50 years of useful life of a building [25] . The seismic code does not provide a different PGA for near source earthquakes. In other words, based on Iranian code, and given the same hazard level, the peak ground acceleration (PGA) is equal for both the near and far fields of a fault. The seismic loading of models was done based on the 3 rd edition of the Iranian seismic design code for the regions with high rate of seismicity and with maximum PGA of 0.35 g. The dead and live loads of storeys, except for the roof, are the same for all models and amount to 2500kg/m and 1000 kg/m, respectively. The dead load for roof amounts to 1750 kg/m for the 3-storey and 5-storey models, 2083 kg/m for the 7-storey and 10-storey models, and 2250 kg/m for the 15-storey model. The roof live load of 750 kg/m has been adopted for all models. The importance factor of residential buildings and the reduction factor have been assumed to be 1 and 10, respectively (based on Iranian code). The P-∆ effects are considered in the analysis and design of structures. Material specifications of the elements, including the module of elasticity, yield strength and Poisson' s ratio, were assumed to be E = 2.1×10 
Assumptions for the non-linear dynamic analysis
The non-linear time history of structures was analysed using the RAMPerform-3DS software, according to the following assumptions: -The force-displacement relationship was considered according to FEMA 356. Details of plastic hinges of brittle and ductile elements are shown in Figure 2 [26]. -The time step for the nonlinear dynamic analysis was chosen to be 0.005s and, in order to control duration of the analysis, 1000 sub-steps were considered for each time step. -Large displacements and P-∆ effects were taken into account in the non-linear dynamic analysis.
-According to the recommendation from the Iranian Seismic Code (2005), the structure damping was considered to be 5 % of critical damping [25] . -A number of methods for scaling the earthquake records are provided in seismic codes for the design of new structures, or rehabilitation of the existing structures. For instance, the response spectrum of records should be equal to a certain design spectrum in a specific time range, or all record response ranges must be equal in the fundamental period of the structure. These methods are suitable for designing new structures but, in this study, the near and far field records were scaled to the same PGA for the following reasons. First, the goal of this study is to compare responses of the models to pulse-like motions and cyclic motions, and not to design or rehabilitate structures. Hence, except for directivity effects, because of lower attenuation, the PGA value is greater in the near field than in the far field of the fault. Therefore, in order to consider only pulse-like motions caused by forward directivity effects, all the records were scaled by the maximum ground acceleration of 0.35g. The second [26] , if seven or more consistent pairs of horizontal ground motion records are used for the time historey analysis, the use of an average of all responses of the parameter of interest shall be permitted for design. Hence, average results of maximum response of structural models were adopted for comparing parameters in the near and far field of the fault.
Design demand of structural models
Due to simplicity of calculations, the equivalent static method, which can be used for designing regular low-height buildings, is one of the common methods for estimating earthquake forces. This method is suitable for the buildings in which more than 90 % of the effective mass participates in the first oscillation mode. To investigate the design demand, the mean plus standard deviation of response spectra of near and far fault records is used in this study. The spectra are presented in Figure 3 for the 5 % damping value. Smoothed results of the mean plus standard deviation for near and far fault response spectra are compared in Figure 3 . Based on Figure 3 , smoothed near and far fault response spectra were obtained by considering the same area under the smoothed and main spectra curves. Results show that the nearfault smoothed spectrum at the period of 1s or higher is greater than that for the far-fault. This result is in good accordance with the near-fault design spectra of studies carried out by Saiidi and Somerville (2005) , as shown in Figure 4 [24]. To examine the design demand of the models by means of the equivalent static procedure according to the Iranian Seismic Code, 3 th edition (2005) [25] and the smoothed spectra from Figure 3 , the base shear of each model is calculated using equations 1 and 2.
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Parameters used in equations 1 and 2 are: T -fundamental period of structure (s); H -structure height (m); V -base shear; A -maximum ground acceleration at the intended damage level of earthquake (in this case, it is 0.35g);
B -design spectrum at the fundamental period of the structure obtained from Figure 3 ; I, importance factor (here it is 1); R -earthquake force reduction factor (R=10); Weffective weight of the structure (dead load+0.2 live load). The base shear of each model is presented in Table 2 based on the relationships from the Iranian Seismic Code, and the smoothed response spectra in the near and far field of Figure 3 . After lateral loading of the models, the ratios of available to allowable stress of each model was calculated for the near and far field of fault. The results are compared in Table 3 .
Results from Table 3 show that the maximum increase in the percentage of available stress to allowable stress ratio for the 7-storey and taller models in the near field of fault is by 10 % to 19 % higher than that of the far field of fault. For the low-rise models, the ratio of available to allowable stress in the near fault field is by about 4.5 % lower than that in the far-fault regions. The above results show that it is better to use the envelope of the smoothed near and far fault response spectrum, rather than to use one of them 4. Global effects of forward directivity on structural models
Base shear
Average results of base shear in the near and far field of fault were obtained by nonlinear time history analysis, in order to study forward directivity effects on base shear by varying heights of the models. In Figure 5 , average base shear results are compared in the near and far field of fault for each model. Results of each model show that the difference between the base shears of the near and far field of fault increases with an increase in the model height. 
Drift
Controlling relative displacements in structures is one of important steps in the design of structures. In this respect, the drift demand is directly related with the ductility demand of the structure. The following equation (Equation 3) is specified in the Iranian Seismic Design Code for the estimation of relative drift (inelastic drift) of storeys by the method of static analysis [25] : . In order to study the effect of forward directivity on drift demand, the average of roof relative displacements is investigated in Figure 6 for each of the models in the near and far field of fault. Average results show that the ratio of roof drift in near field to that of the far field of fault increases with an increase in model height. According to Figure 7 , long-period pulse-like motions (T pulse > 0.7 s) in near-fault regions lead to the increase in storey drift, which is by about 1.1 to 2.6 times greater compared to the far-field of fault. Average storey drift results show that the maximum drift demand occurs in the lower half of the models. 5. Local effects of forward directivity on structural models
Nodal rotations under the effect of forward directivity
Assuming that the joints between girders and columns are rigid, the rotation of nodes can be approximately considered as a criterion for evaluating the ductility demand of structural elements. In Figure 8 , the effects of forward directivity on the rotation of nodes over the height of the structure are studied by comparing results in the near and far field of fault. According to Figure 8 , nodal rotations at the top of the models are very close for the near and far field of fault. However, for the lower parts of the models, the rotations of nodes in the near field of fault are between 1.2 to 3.5 times greater than the corresponding values of the far-fault regions. In the near field of fault, most nodal rotations are concentrated in the lower half of the models, and the difference between average results of near and far field of fault clearly increases with an increase in height. The comparison of Figures 8-a and 8-b shows that the perimeter nodes rotate 1.05 to 2 times more than the corresponding interior nodes, except for the nodes located at the highest storey. The perimeter nodes of the highest storey rotate 2 to 2.5 times more than the interior nodes. Results show that in the near field of fault, the vulnerability is significant for the perimeter structural elements that are located in the lower half of the structure.
Forward directivity effects on columns
Relationship between aspect ratio and forward directivity effects on columns
To show in a simple way an approximate relationship of the building aspect ratio and the forward directivity effect on the increase of column axial forces, as shown in Figure 9 , three one-degree-of-freedom moment frames with equal lateral stiffness, and with the same gravitational and lateral loads, were considered at different aspect ratios of (h/b), 0.5, 1 and 2. Then, the values of bending moment and columns axial forces were computed according to Equations 4 and 5 by using the Slope-Deflection method [29] and the equilibrium relationship of ∑M a = 0. In addition, the axial deformation of columns and the P-∆ effect were not considered in Equations 4 and 5 for models shown in Figure 9 .
M M Ph
where:
M -the columns bending moment, F -the column axial force, P -the earthquake lateral load, W -the ceiling weight, h -the frame height, b -the frame width. As can be seen from Figure 9 , the change of the aspect ratio has no effect on the columns bending moment, but it is directly related to the columns axial force; thus, one unit change in the aspect ratio (h/b) changes the columns axial force for (P/2). In order to determine the relationship between the aspect ratio on one hand, and the forward directivity effect on the columns axial force on the other hand, the equation 5 was rewritten with and without the forward directivity effect. The equation (6) shows the column axial force without considering the forward directivity effect, and the equation (7) illustrates the column axial force while taking into account the forward directivity effect. By subtracting the equation (6) from the equation (7), the relationship between the aspect ratio and the forward directivity effect on the columns axial force is obtained, as shown in equation (8) . Local and global effects of forward directivity
F by(ND) -the column axial force in the regions with neutral directivity feature (without the forward directivity effect),
F by(FD) -the column axial force considering forward directivity effects, P ND -the lateral force without forward directivity effect, ∆P FD -the amount of lateral force variations arising from the forward directivity effect, ∆F FD -the amount of column axial force variations arising from the forward directivity effect.
The equation (8) shows that there is a direct relationship between the aspect ratio (h/b) and the columns axial force variations arising from the forward directivity effect; thus, by one unit increase in the aspect ratio, the forward directivity effect increases the axial force by ∆P FD /2, which is a half of the forward directivity effect in the storey shear.
Forward directivity effect on column demands
In order to investigate the forward directivity effect on the internal forces of perimeter (external) and interior (internal) columns, the average percentage of increase in columns axial forces in near fault field is plotted in Figure 10 using the non-linear dynamic analysis. According to Figure 10 , in the models with less than 10 storeys, the axial forces of perimeter columns increase by about 2.7 % to 9.47 %, while the increase percentage of axial forces of internal columns decreases by 0.57 %. It can also be seen that, for the 15-storey model, the forward directivity has increased the axial forces by about 13.77 % for perimeter columns, and by 7.5 % for interior columns. Figure 11 shows an average percentage of increase in axial force for perimeter columns under the forward directivity effect at the relative height of structural models. According to Figure 11 , the forward directivity effect increases the axial force of perimeter columns by about 3 % to 15 % for low and middle-rise frames (3 to 10-storey models). For the high-rise models, the forward directivity effect increases the axial force of perimeter columns by about 15 % and 23 % in the lower 50 % of the structure height. The results show that an increase in the aspect ratio causes an increase in the forward directivity effect on the axial force of perimeter columns. It can be seen that an increase in the aspect ratio of about 2 times, leads to a 2.2 times increase in the effect of forward directivity on axial force of perimeter columns. An average percentage of increase in the maximum bending moment of columns is investigated in Figure 12 . Results show that average bending moment values of columns in the near field of fault are by about 6.4 % to 9.51 % greater than those in the far fault in case of low and middle-rise models (7-storey and less). In GRAĐEVINAR 65 (2013) 11, 971-985
Mohsen Gerami, Davood Abdollahzadeh addition to that, perimeter columns results are very close to interior columns results, with a difference of less than 1.5 %. For high-rise models (10-storey and more), an increase in the height leads to an increase in the percentage difference between bending moments of internal and external columns, so that in the 15-storey model the forward directivity increases the bending moment of the columns by about 32.61 % to 43.89 %. As can be seen from Figure  13 , the values of increase in the bending moment of models with less than 7 storeys are very close to one another, so that the effect of forward directivity increases the columns bending moment by about 10 % and 20 % for external (perimeter) columns, and 4 % and 16 % for internal columns. As the height increases, the percentage of the columns bending moment also increases, so that an average percentage of increase in bending moment is about 30 % to 50 % for the 10-storey model, and about 40 % to 56 % for the 15-storey model. Results given in Figure 13 show that an average percentage of increase in bending moment for interior columns is by about 3 % to 12 % higher than that of external columns, and that most part of the percentage of increase in the bending moment arising from the forward directivity in the first and the second floors of high-rise models occurs at perimeter columns. 
Forward directivity effects on columns capacity
Columns of the steel moment resisting frames are subjected to combined effects of the bending moment and axial forces. Therefore, the interaction curve of axial force and bending moment is considered in the design of the columns. In other words, an increase in the amount of axial force decreases the values of strength and ductility of bending moment for columns. Since the forward directivity effect increases the axial force in the columns, the capacity of strength and ductility of the columns was studied to determine dependence of bending on the variation of axial forces.
Bending strength capacity of columns
In this study, the FEMA 356 criteria are considered to determine the strength capacity of columns. Based on FEMA 356 [26] , columns subjected to compression forces are forcecontrol elements. Equations (9) to (11) are provided by FEMA 356 for evaluating the columns under the combined axial force and bending moment by means of linear-analysis methods. 
For 0 
P UF -the column axial force, Local and global effects of forward directivity columns with respect to the variation of axial force. Figures  14.a and 14 .b show scaled axial-bending force interaction curves for non-slender and slender wall sections, which are obtained from equations (9) to (11) . In addition, according to FEMA 356 criteria and based on equations (9) to (10), the percentage of variation in the columns bending capacity versus axial force changes is shown in Figure 15 . The comparison of Figure 14 -a with Figure 14 -b shows that the column bending capacity is reduced by about 0.2 to 0.7 times of that in structural elements with non-slender wall sections, in case structural elements with slender wall section are used.
Figure 14. Scaled interaction diagram of axial force and bending moment in columns
According to Figures 14 and 15 , if the values of axial force are increased by about 30 % of P CL (lower-bound axial columns capacity) this will lead to the reduction of bending moment capacity of columns by about 30 % to 80 %. Therefore, according to Figures 10 and 11 , a 5 % to 20 % increase in the axial force caused by forward directivity can reduce the column bending capacity by about 12.5 % to 50 %. On the other hand, according to Figures 12 and 13 , the forward directivity increases the bending moment of columns by about 10 % to 56 % which can seriously damage columns, especially at lower storeys. 
Bending ductility capacity of columns
According to FEMA 356, structural elements are categorized into three groups: brittle (non-ductile), semi-ductile, and ductile. Non-ductile elements are force-controlled and ductile elements are deformation-controlled. Depending on the axial compression force value, the bending behaviour of steel columns can be either force-controlled or deformationcontrolled. For steel columns under combined axial compression and bending stress, when the axial compression force is lower than 50 % of P CL (axial lower-bound of column capacity), the column bending behaviour is deformationcontrolled. If the axial force is higher than 50 % of P CL then the bending behaviour of column will be force-controlled. FEMA 356 has provided some values of maximum bending deformation of columns for different performance levels and different ratios of P UF /P CL and for columns with slender and non-slender wall sections (Table 5 ). In order to study the variation of bending ductility with respect to the variation of (12) The parameters in equation (12) It can be observed from Figures 16 and 17 that the columns ductility in bending can be reduced by about 25 % to 50 % if structural sections with slender elements are used. Moreover, the comparison of Figures 16 and 17 shows that an increase in the column axial force leads to a decrease in the column bending ductility ( Figure 18 ) in such a way that depending on the type of structural section (slender or non-slender wall), a 30 % increase in the axial force can reduce the columns bending ductility by 60 % to 73.5 %. On the other hand, the investigation of nodes rotation at the structure height shows that the forward directivity increases the nodal rotations by about 1.1 to 1.7 times for low-rise models and by 1.4 to 3.5 times for high-rise models (Figures 8.a and 8.b) . Therefore, the results indicate that the forward directivity has two major effects on columns. Firstly, depending on the aspect ratio, the forward directivity increases the axial force and bending moment of columns by about 5 % to 20 % and 10 % to 56 %, respectively. Secondly, depending on the column situation and structure aspect ratio, the forward directivity decreases the bending strength and bending ductility capacities of columns by about 12.5 % to 50 %, and 25 % to 50 %, respectively. According to these results, the use of seismic compact sections and the minimum ratio of P UF /P CL (conservative range is P UF /P CL ≤ 0.2) is recommended in the design of columns, especially at the lower storeys, in the case of seismic design of steel moment resisting frames subjected to the effect of forward directivity in near field of fault. This recommendation results in a higher ductility capacity of columns, without reduction of strength. It can be seen that there are some parameters whose effects have not been considered in this study, which is due to simplifications made in the analysis of models. These parameters are the columns deformation in the other direction of the structure, the vertical component of earthquake vibration, and the effect of bracing system on axial force of columns in the other direction of the structure. These parameters can have significant effects on the strength and ductility capacity of columns (especially in case of corner columns). Therefore, these parameters should be taken into account in the design of structures on real-life projects. 
Forward directivity effects on girders
According to the seismic design concept of steel moment resisting frames, the plastic hinges formed by structure deformations during earthquake must occur in girders. Therefore, girders play an important role in the dissipation of earthquake energy in steel moment resisting frames. Since the bending moment is more determinative than shear force in the design of long girders, maximum bending moments of inside and outside girders were determined, in the analysis of the forward directivity effect on girders, using the nonlinear dynamic analysis in the near and far field of fault. Then Local and global effects of forward directivity average results of near and far field of fault were plotted with respect to the relative height of models for inside and outside girders, as shown in Figure 19 . Results from Figure 19 show that the forward directivity effect increases the bending moment of girders by about 2 % to 16 % for models with 10 or less storeys, while in the 15-storey model it increases the bending moment by about 10 % to 50 %. This shows that as the height increases, the forward directivity effect increases severely (about 3 to 5 times) for the high-rise moment frames. It was established by analyzing FEMA 356 relationships relating to the strength and ductility capacity of girders that the bending strength and ductility capacities of girders are dependent on material properties and geometrical parameters of the cross-section. Hence, the forward directivity has no effect on girder capacity.
Effect of forward directivity on the demand to capacity ratio of structural elements
To investigate performance of structural elements at lifesafety performance level, the demand to capacity ratios (DCR) of girders and columns forming the structure were computed in the near and far field of fault according to FEMA 356 criteria.
The average ratio of near fault results to the far fault results over the relative height of structures is presented in Figure 20 .
Results given in Figure 20 show that the forward directivity increases the demand to capacity ratio of structural elements by about 1.1 to 1.75 times for low and middle-rise models (less than 7 storeys), while the DCR values of high-rise models increase by about 1.5 to 5 times. The results also show that in case of low and middle-rise models (7 storeys and less), the demand to capacity ratio of both the girders and the columns increase by about 1.1 to 1.75 times under the forward directivity effect at the structure height. In case of high-rise models, the DCR values of columns are affected by forward directivity by about 35 % to 70 % more when compared to girders. As can be seen from Figure 20 , the forward directivity increases the demand to capacity ratio of columns by about 1.5 to 5 times, and the demand to capacity ratio of girders by about 1.5 to 3.2 times. Results show that the structure aspect ratio has a significant influence on the intensification of forward directivity effects on columns (especially with regard to perimeter columns).
The comparison of results of available stress to allowable stress ratio, and demand to capacity ratio of structural elements over the models height, as presented in Table 3 and Figure 20 , shows that the static method leads to huge errors in the evaluation of vulnerability of structures in the near field of fault.
Conclusions
In this study, the effect of forward directivity on the local and global demand and capacity of steel moment resisting frames is studied by means of non-linear dynamic analysis of five samples of structural models. Structural models are 3, 5, 7, 10 and 15-storey steel moment resisting frames that are analyzed under 20 strong motion records in the near and far field of fault by nonlinear time history analysis, based on FEMA 356 provisions. Assuming equal hazard level in the near and far field of fault, and rigid connections between beams Mohsen Gerami, Davood Abdollahzadeh and columns, the study of the effects of forward directivity on design demands, base shear, drift and demand and capacity of structural elements, has led to the following conclusions: -Aspect ratios of moment frames are directly related to the columns axial force under effect of forward directivity (especially for perimeter columns of high-rise frames). Thus, a one-unit increase in the aspect ratio increases the effect of forward directivity on axial force of columns by about 50 %. It was also observed that a two-time increase of the aspect ratio increases severity of the forward directivity effect on the demand to capacity ratio of structural elements by about 3 to 5 times. -Long-period pulse-like motions (T Pulse >0.7s) caused by forward directivity exert two major effects on columns in steel moment resisting frames. Firstly, depending on the structure aspect ratio, they increase the axial force and bending moment of columns by about 5 % to 20 %, and 10 % to 56 %, respectively. Secondly, depending on the location of the column and structure aspect ratio, they decrease the bending strength and bending ductility capacities of columns by about 12.5 % to 50 %, and 25 % to 50 %, respectively. Therefore, the demand increase and columns capacity reduction result in the increase of the demand to capacity ratio of columns by about 1.5 to 5 times in the direction normal to the fault line, which causes severe damage to columns, especially to perimeter columns located at the lower part of high-rise models. -The study of girders demand shows that the forward directivity effect increases the bending demand of beams by about 2 % to 50 % and, assuming that girders are not affected by axial force, the forward directivity has no effect on the strength and ductility capacities of girders. -For the purposes of seismic design of moment frames positioned normal to the fault line in near-fault regions, the following provision contained in seismic codes: "making use of high ductile structural elements with high flexibility for seismic resistant design of structures by means of using seismic compact sections, and design of columns with the minimum ratio of available axial force to lower-bound compression strength of less than 0.5 (the conservative range is P UF /P CL ≤0.2)" is verified in this study, especially in the lower part of the high-rise moment resisting frames (especially for perimeter columns). -In case of a constant level of hazard, when a construction site is under the effect of two seismic sources having the same ability of creating PGA at the near and far field of fault, a special envelope of smoothed near and far fault design spectrum should be used for the seismic design of structures.
